Dyestuff malachite green MG in aqueous solution can be degraded rapidly assisted by microwave irradiation (MW) in the presence of ZnFe 2 O 4 powder. ZnFe 2 O 4 acted as a MW as well as the catalyst for MG degradation, and could be used repeatedly. The effects of MW time, initial concentration of MG, addition amount, pH value and used times of ZnFe 2 O 4 powder were discussed in details using UV-Vis spectra, FT-IR spectra, ion chromatography and TOC analysis technologies. The results showed that the degradation percentage of MG was nearly 100%, corresponding to 92% of TOC removal, when the mass fraction of ZnFe 2 O 4 was 1.2%, MW 500 W and the irradiation time 2 min. Additionally, the above method using ZnFe 2 O 4 powder as catalyst combined with MW has high degradation ratios, short reaction time, low costs, no intermediates and no secondary pollution. Therefore, it may be available for the treatment of various dyestuff wastewaters on a large scale.
INTRODUCTION
Synthetic dyestuffs like MG, a triphenyl methane dye, are used extensively in textile, paper-making, printing industries and dyehouses. The effluents of these industries are highly colored and the disposal of these wastes into receiving waters can cause damage to the environment. Dyes may significantly affect photosynthetic activity in aquatic life because of reduced light penetration and may also be toxic to some aquatic life due to the presence of aromatics and metals, chlorides, etc. Dyes usually have a synthetic origin and complex aromatic molecular structures which make them more stable and more difficult to decompose.
Many feasible methods, such as ozonation, photooxidation, adsorption, froth flotation, reverse osmosis, ion exchange, membrane filtration and flocculation, are often applied for the removal of MG from textile effluents (Daneshvar et al. 2004; Horikoshi et al. 2004) .
In some cases, traditional biological procedures are combined with chemical or physical treatment processes to achieve decolorization (Kumar et al. 2005; Srivastava et al. 2006) .
Recently, several researchers have reported that MG can be effectively degraded from aqueous solution. Siré s et al. (2008) showed that MG could be degraded from wastewater by in situ electrogenerated Fenton's reagent at carbon-felt cathode. The study of single-compound MG solutions was completed with the analysis of COD at different electrolysis times during the oxidation process of solutions containing 0.5 mM of the selected MG with 0.2 mM Fe 3 þ at 400 mA. Total 420 min were required to obtain 93% of the MG degradation ratio. Diorio et al. (2008) indicated that the decolorization of MG was 94 -100% in 120 min. Pé rez- Estrada et al. (2008) used the photolytic degradation to make MG totally disappeared after 210 h.
These methods can be very effective for the degradation of the MG, but a long time was needed and lots of intermediate products were produced in the degradation process. doi: 10.2166/wst.2009.497 can reach quickly a higher temperature, and promote oxidation and degradation processes of organic pollutants adsorbed. Some materials including activated carbon (Liu et al. 2004) , metal oxidation (Li et al. 2002) , sulfide power (Mall et al. 1996) , ash (Gupta et al. 2004 
Adsorption experiments
Adsorption capacities and kinetics were conducted using 
RESULTS AND DISCUSSION
The UV-Vis spectra of MG
The UV-Vis spectra of MG were given in Figure 1 . The sorption data were analyzed according to the linear form of the Langmuir isotherm (Equation (2)). The plot of The Empirical Freundlich equation based on sorption on a heterogeneous surface is given by:
where K F and n are Freundlich constants indicating sorption capacity (mg g 21 ) and intensity, respectively.
Based on Freundlich isotherm (Equation (3)), K F and n can be obtained from linear plot of l g q e against l g c e .
The K F and n are 0.51 mg g 21 and 1.21, respectively. The correlation coefficient, r was 0.537 suggesting that the Langmuir model is much agreeable with the adsorption behavior compared to the Freundlich model. 
Effect of MW output power
The MW output power was regarded as the most important factor in the experiment, since the temperature that the As mentioned above, the results using IR and UV-Vis analyses informed that the high adsorption capacity on ZnFe 2 O 4 particle surface can produce great amount of "heat point" which could lead to the more rapid oxidations MG molecules. Also, MG molecules itself in the solution were decomposed effectively due to the decrease of the activation energy and the increase of reaction activity of MG molecules.
In order to farther prove and explore the degradation process of MG, the degradation products including nitrate ions and TOC removal percentage were determined using Ion Chromatograph and TOC analyzer. 
